Abstract
open areas (i.e. pasture and crop fields) resulting in an ecotonal vegetation with low stature and biomass compared to original forest (Harper et al. 2005) . In the edges, the lateral light penetration, wind exposure, absolute values and variations of temperature and evapotranspiration increase and soil moisture decreases. Besides that, the vegetation near the forest edges is more prone to fire penetration from the surrounding matrix (Murcia 1995; Saunders et al. 1991) .
Forest edges have been studied by several authors (Harper et al. 2005; Laurance et al. 1998; Laurance et al. 2001; Laurance et al. 2002; Lovejoy et al. 1986; Malcolm 1994; Murcia 1995; Ries et al. 2004; Tabanez et al. 1997) . In recently fragmented forests, the composition and dynamics of the vegetation are strongly conditioned by the characteristics of the original community and by the processes of readjustment during short time spans (Kellman and Meave 1997; Kellman et al. 1998) . However, we still know very little about the long term and progressive consequences of the habitat fragmentation, specially the so called 'edge effects', on the vegetation. We believe that the study of the natural forest edges might serve as a reference, albeit imperfect (Hoffmann et al. 2003; Hoffmann et al. 2009; Kellman et al. 1998) , for the future of the structure of edges originated from anthropogenic fragmentation process.
The complex vegetation of the 'Cerrado' (Brazilian savanna) goes from open grasslands to forests (Ribeiro and Walter 2008) . The 'Cerrado' gallery forests follow small rivers, with their trees closing their canopies over the water course (galleries), and having sharp boundaries with the grasslands or savannas (Ribeiro and Walter 2001; Rodrigues and Shepherd 2000) . Gallery forests are one of the few examples of naturally fragmented rainforest (Kellman et al. 1998) . Therefore, their edges represent an important model for the study of long-term edge effects on vegetation.
The gallery forests are highly environmentally heterogeneous. Soils and topography are considered the major ecological drivers of structure and species composition of these forests (Oliveira-Filho et al. 1994a; Rodrigues and Shepherd 2000; van den Berg and Oliveira-Filho 1999; van den Berg and Santos 2003) . Topography is important because its variations commonly correspond to changes in the soil properties, particularly water regime (drainage and water storage capacity) and nutrients availability which influence the spatial distribution and structure of plants (Oliveira-Filho et al. 1994a; van den Berg and Santos 2003) . In addition, the gradient of light conditions from the edge to the forest interior is believed to affect strongly the structure and species composition of these forests (Kellman et al. 1998; van den Berg and Santos 2003) , favoring light demanding species closer to the edge.
The geographic distance also must be considered, when it comes to floristic composition. In a local scale, the species assemblage is frequently attributed to spatial structure of the communities and their dynamics. Species which seed dispersal is limited generates aggregate spatial distribution pattern. However, in regional scale (>1 km 2 ), the differences in the composition and abundance of species generally are attributed to environmental variation (Baldeck et al. 2013) . Variations in diversity in regional scales, the beta diversity, might reflect both turnover and nestedness (Baselga 2010) . Accordingly, accessing the relative importance of the different drivers affecting patterns of beta diversity require to determine the relative contribution of environmental heterogeneity and spatially structured processes (Borcard and Legendre 2002; Dray et al. 2012; Legendre et al. 2009) .
In this article, we report floristic and structural patterns of the woody communities (shrubs and trees) in natural gallery forest edges, their relationship to soil, topography and geographic distances and how beta diversity is structured in these edges. We address the following questions: (i) How is the forest structure, in terms of density and biomass, and floristic composition in natural gallery forest edges? We expected the edges of gallery forests to function as permanent gaps and to have a high density of small individuals and low basal area; we also expect high dominance of light-demanding species in the edges; (ii) Do the distribution of individuals of different functional groups (pioneers, climax light demanding and climax shade tolerant) and the structure (density and basal area) change following the edge to forest interior direction? We believed that the proportion of individuals of pioneer species would decrease and the proportion of shade-tolerant groups would increase in direction of forest interior due to the decrease of the light availability. In addition, we expected the density of individuals and basal area to increase from the edge to interior, because the edges are strongly affected by extreme environmental conditions like fire events and drought. (iii) How is the beta diversity structured in these natural edges? Considering that species turnover is frequently connected to environmental differences among sites, spatial constraints or historical restrictions (Baselga 2010) , we expected that the turnover would be the main component of the beta diversity in this edges; (iv) What is the relative importance of the geographic distances and the environmental variables (soil and topography) for the floristic diversity in these edges? Although the environment differences or similarities are commonly linked to how the diversity distributes across different sites, because our sampling design (three plots tens of meters of each other within each site, but sites kilometers from each other), we expected the spatial components also to respond for important part of diversity distribution. We discussed the implications of the found patterns to artificially fragmented forests and their consequences for the biological conservation.
MATERIAL AND METHODS

Study sites
We conducted the study in the Upper Rio Grande region, south of Minas Gerais (MG), Brazil (Fig. 1) . The landscape is dominated by grasslands and with patches of Cerrado, a savanna-like vegetation (Instituto Brasileiro de Geografia e Estatística 2004). Following the streams, there is an extensive net of non-flooded gallery forests with abrupt edges with the surrounding open vegetation (Fig. 1) . The climate in the region is Cwa of Koppen, with dry winters and rainy summers. The annual average temperature is 20.4°C, with monthly average ranging between 17.1°C in the month of July to 22.8°C in February. The annual average precipitation is 1460 mm, 90% during the spring/summer period (OctoberMarch), with monthly average precipitation ranging between 7 mm in July and 321 mm in February (Dantas et al. 2007 ). The region elevation varies from 850 to about 1500 m. The predominant relief is dominated by hills with occasional sierras. The main soils in the region are Cambisols (±75% of the area) and Ferrasols (±20%) with rare occurrences of Acrisols and Fluvisols (Giarolla et al. 1997) .
Vegetation sampling and environmental data
We selected 10 well conserved gallery forest sites (no signs of anthropogenic impacts or recent fires) (Table 1) , in which we established 30 15 × 20 m plots (three plots in each study site). The plots were laid out in relatively rectilinear stretches of forest edges, respecting a minimal distance of 10 m between each plot. As they are permanent plots and meant to study eventual fluctuations in the forest-grasslands limits, we allocated the plots with their longest side parallel to the forest edge and covering perpendicularly 5 m of the grassland and 10 m of forest. Inside the plots we identified, mapped and measured all shrub and tree individuals with diameter at breast high (DBH)-1.3 m above the ground level) ≥1 cm. We also estimated their heights. The identification followed The Angiosperm Phylogeny Group (2009) classification system. The multi-stem individuals were included when the sum of the section areas and their stems corresponded or exceeded the section area of a stem with DBH ≥1 cm.
In order to provide an environmental characterization, we carried out topographic surveys and analysis of samples of superficial soil in each plot. For the topography survey we used a clinometer to take slope measures (in degrees) for each plot side and a GPS to measure the elevation. Based on the slopes measures of each plot, we calculate the maximum unevenness (the largest vertical distance between the vertices of the plots) and average slope (simple average of the slope in the two diagonals, crossing the rectangular plots, following van den Berg and Oliveira-Filho (1999)). We also calculated the relative difference between the value of elevation of each plot and the lowest plot of all sites together (the maximum difference was 362 m). For the soil characterization, we collected within the forest portion of each plot, three simple soil samples, equidistant between themselves, at a depth of 0-20 cm, that were mixed and constituted one composed sample per plot. The physical and chemical analysis followed Paula and Duarte (1997) protocol and were conducted in the Laboratory of Soils of the Federal University of Lavras. The analyzed variables were: pH (measured by the suspension of the soil in the water), phosphorus levels (P), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), organic matter (OM), aluminum (Al), potential acidity (H+Al), sum of exchangeable bases (SB), capacity of effective cation exchange (t), capacity of cation exchange in pH 7,0 (T), bases saturation index (V), aluminum saturation index (m) and remaining phosphorus (P-rem) and percentages of sand, silt and clay.
Analysis of the structure of the communities
We evaluated by plot the number of individuals and the sum of the basal area and tested the existence of significant differences in the values of these variables among the sites via analysis of variance (one-way ANOVA), followed by the Tukey's test. We also evaluated how the physical structure of the communities (number of individuals, sum of the basal area and diametric distribution) varied along the short gradient between the grassland and 10 m inside the forest. For this, we established 10 intervals of 1 m between the forest immediate edge and inner forest. Using linear regression, we related these intervals to the total number of individuals, the sum of the basal area and the frequency of individuals in different DBH classes (1-5, ≥5-10 and ≥10 cm). The forest line limit was traced in the ArcMap package of the ArcGis® software, version 10.1 (ESRI 2012), connecting the dots that correspond to the most external individuals at the forest edge, resulting in a polygon that corresponds to the sampled forest area in each plot.
Analysis of the diversity patterns
We carried out floristic comparisons between the communities using Non-metric Multidimensional Scaling (NMDS) based on Bray-Curtis's dissimilarity index using the number of individuals of the species in the plots transformed by the square root. We calculated the total beta diversity (β SOR ) and the fractions correspondent to the spatial species turnover (β SIM ) and nestedness (β NES ), using a matrix of presence and absence of species by sampled site. We carried out both analysis in the R platform (R Development Core Team 2012). Specifically for the beta diversity calculations and its fractions, we utilized the R-package 'betapart' (Baselga et al. 2013) .
We compared the abundance of species among the studied sites and between all sites pooled together and other studied areas in the region. For the comparison among the studied sites, we used confidence intervals (95%), generated for 800 individuals (an intermediate number among the sites), truncating or extrapolating the results if the numbers found in sites were larger or smaller than this. To compare our sites to other areas in the region, we used a confidence interval (95%) generated through extrapolation to the maximum number of individuals sampled in similar studies in the region (2145 individuals, 162 species, 0.84 ha sampled), corresponding to the gallery forest studied by van den Berg and OliveiraFilho (2000) in Itutinga (MG). The other studies utilized in this comparison were Carvalho et al. (1995) , in Bom Sucesso (MG) (1615 individuals, 157 species, 0.54 ha sampled area) and Vilela et al. (2000) in Madre de Deus de Minas (MG) (1738 individuals, 116 species, 1.6 ha sampled area). For these comparisons, we only used individuals with DBH ≥5 cm, which was the adopted criterion in the referenced studies. In both analyses, the confidence intervals were generated by the program EstimateS, version 9.1 (Colwell 2013) .
We evaluated the species stratification for different functional groups using linear regression relating distance intervals from the edge (the same ones utilized in the structure studies) to the percentage of individuals and the basal area amount for each functional group. In these analyses, we included only the 29 species with at least 50 individuals in the total sample. We classified those species in three functional groups, pioneer, climax light-demanding and climax shadetolerant species, according to Swaine and Whitmore (1988) , called here simply pioneer, light-demanding and shade-tolerant species or groups. The ecological information about the species was acquired in papers published about forests of the studied region (Nunes et al. 2003; Oliveira-Filho et al. 1997; Oliveira-Filho et al. 1994a; Oliveira-Filho et al. 1994b; Pereira et al. 2010; Pinto et al. 2005) .
Matrix preparation and selection of predictor variables
We evaluated the existence of spatial auto-correlation (SAC) between the response variables (species abundance) and environmental variables (soil and topography) through correlograms of Moran's I (Fortin and Dale 2005) . The number and the sizes of the distance classes utilized were the defaults automatically generated by the software in each analysis and the P value was calculated after 999 permutations. The variables were considered spatially structured when the significant spatial autocorrelation was detected in at least one of the distance classes (by the sequential correction of Bonferroni). When SAC was detected, we used spatial filters (Moran's Eigenvector Maps-MEM) as additional predictor variables (Dray et al. 2006) . The MEMs were built from a spatial matrix containing the geographic coordinates of the plots. We evaluated the relation between the composition of the species and the environmental and spatial predictors using Canonical Redundancy Analyses (CRA). For these analyses, we used a floristic matrix, containing the abundance of all sampled species, an environmental matrix, containing 22 soil variables and two topographic variables, and one spatial matrix, containing all the generated MEMs. Afterwards, we removed the singletons and applied the Hellinger transformation to the floristic table, increasing the weight of the more abundant species (Legendre and Gallagher 2001) . Based on the results of a principal component analysis, initially generated from the environmental data, we excluded the collinearities and selected the main environmental components. Lastly, we excluded all non-significant MEMs from the spatial matrix. The spatial RDA was carried out with the transformed-Hellinger floristic matrix and the one containing the selected MEM. The environmental RDA was carried out with the transformed-Hellinger floristic matrix and the environmental matrix, containing 16 soil variables (pH, P, K, Ca, Mg, Al, t, MO, Prem, Zn, Fe, Mn, Cu, B, Sand, Clay) and one topographic variable (elevation), which were standardized. Following Blanchet et al. (2008) we applied the forward selection procedure to the environmental predictors (significantly related to the observed variations in the table of species) and spatial predictors. The progressive selection aimed to select only those variables that provided significant contribution in explaining floristic variation. All the analysis were carried in the R platform (R Development Core Team 2012), except the SACs tests, which were performed in SAM 4.0 (Rangel et al. 2010) .
Variation partitioning
Finally, we carried out the variation partitioning (Borcard et al. 1992) to access how much of the floristic variation was explained by the purely environmental component, purely spatial and by the spatially structured environmental factors. The obtained fractions were tested for their significance by permutation tests (with 999 repetitions). We use the R platform for these procedures (R Development Core Team 2012).
RESULTS
Structural patterns
We sampled a total of 7191 individuals of shrubs and trees, distributed in 238 species, 128 genera and 58 botanic families (sampled species, with their respective numbers can be found in the supplementary . Considering only the individuals with DBH ≥5 cm (for comparisons with other studies), the estimated total density was 1893 stems ha −1 and the basal area was 20.92 m 2 ha −1 (Table 2 ). Density and basal area were significantly different among the sites according to ANOVA (F = 9.57; P < 0.01 and F = 3.97; P < 0.01 for density and basal area, respectively). The density in CA2 (largest mean) was not significantly different to the LU1, LU2, CA3 and CA4 sites. In regards to the basal area, only CA3 (largest mean) differed statistically from ITT (smallest mean) ( Table 2 ). Both the number of individuals and basal area presented a positive and significant relation with the distance from the immediate edge ( Fig. 2a and b , for number of individuals and basal area, respectively). The first class of DBH (1-5 cm) responded to the largest percentage of individuals (84.8%). The other two analyzed Values followed by the same letter do not differ between themselves by the Tukey's test. The site codes are in Table 1. classes responded to 9.9% (5.1-10 cm) and 5.3% (>10 cm) of the individuals. The proportion of individuals in the smallest diameter class (1-5 cm) revealed a negative and significant relation with the distancing from the immediate edge (Fig. 2c) . The largest diameter class (DBH >10 cm) showed the opposite tendency (Fig. 2d) .
Floristic patterns
The plots had a tendency to cluster by sites, indicating that each site has its own composition of species (Fig. 3) . The low floristic similarities between the communities can be confirmed by the high beta diversity (β SOR = 0.78). The spatial turnover of species revealed itself to be the single most important responsible for the regional diversity (β SIM = 0.74), in contrast to nestedness that responded only for a small part (β SNE = 0.04) of this variation.
The site with the largest number of species was ING (85 species) and the one with the lowest number was LU2 (56 species). The number of species in LU2 was statistically lower than in ING, CA1, CA2, CA3, CA4, ITM and ITT. ING had more species than LU2 and LU1 (Fig. 4) . Compared to other studies carried out in the region, the edge communities were unexpected rich in terms of species, considering that we sampled only the edges and the other studies sampled edges and forest interior. We found a number of species statistically superior to the one studied by Carvalho et al. (1995) and statistically equal to the ones studied by van den Berg and Oliveira-Filho (2000) and by Vilela et al. (2000) (Fig. 5) .
The top 29 most abundant species classified into functional groups (supplementary Table S2 ) responded to 73.9% of the total number of sampled individuals. Among these species, seven (24.1%) were pioneer, 18 (62.1%) light-demanding and four (13.8%) shade-tolerant species. In relation to the number of individuals, 1498 (28.2%) were pioneer, 3446 (64.9%) light-demanding and 367 (6.9%) shade-tolerant. Like we expected, the proportion of individuals of pioneer species decreased with the Table 1. distance from the immediate edge while the proportion of the shade-tolerant increased ( Fig. 6a and b) . Although the density of the individuals of pioneer species decreased with the distance from the immediate edge (Fig 6a) , the basal area for this group did not change with the distancing from the edge (Fig 6c) . Conversely, both groups, lightdemanding and shade-tolerant, had a strong increase of basal area with the distancing from the immediate edge ( Fig. 6d and e) .
Variation partitioning
We found that the environmental factors measured (soil and topography) explained the largest proportion of floristic variation on the edges, with the purely environmental fraction explaining 19% and the spatially structured environmental factors explaining 3%, while the purely spatial fraction explained 7% of the total variation. Nevertheless, 71% of the variance remained unexplained. Eight out of 17 selected environmental variables were significant (Table 3) , including several chemical properties, organic matter, sand and elevation.
DIScUSSION
Structural patterns
Considering only the individuals with DBH ≥5 cm (in order to allow comparisons to other studies developed in the study region), we found the density (1839 stems ha individuals with DBH ≥5 cm. However, when we considered all sampled individuals (DBH ≥1 cm), the density went over 12 000 stems ha −1 (a gain of more than 550%), although the basal area increased only 4.11 m 2 ha −1 (gain of 19.6%). The individuals with DBH ˂ 5 cm resulted in a very dense green wall in the studied gallery forests' edges. Unfortunately, for our best knowledge, no other study used the criteria of DBH ≥ 1 cm in gallery forests preventing further comparisons including smaller individuals. Even though we have found significant differences among the sites in terms of density, all of them were very dense when considering all sampled individuals. However, the basal area was relatively low (close to the inferior limit reported by Pereira (2003) for the forests in the region) and more homogeneous among the sites than density, revealing that even with great variation in the number of individuals, the shrub-tree component biomass of the studied communities is relatively low and more or less invariable among the sites. For example, although the ITT and LVS sites had completely different densities (three times bigger in ITT), both had similar basal areas. This low and relatively constant biomass among the edges of different sites with different densities could possibly point out to some resource limitation and resulting stress for trees on the edges. Some authors (Kellman et al. 1998; van den Berg and Oliveira-Filho 1999) have drew attention to water availability associated to fire events as the main causes of the sharp edges found between the gallery forest and the surrounding grasslands or savannas. Under the stressing environmental condition, edges more recently established or recovered after rare but catastrophic fire events would move gradually, through a self-thinning process, from high densities of small trees to lower densities of larger trees, however keeping the biomass close to the amount supported by the current habitat.
The limits between the gallery forests and the grasslands seem to be determined by factors such as soil nutrients, physical conditions and moisture (conditioned by topography) and also by the fire regime. Oliveira-Filho and Fluminhan-Filho (1999) pointed out that the fires on grasslands and 'cerrados', whatever anthropogenic or with natural origins, usually die out at the edges of the forests, since there is less flammable material and less favorable microclimate there. In the gallery forest edges, the fire frequency seems to determine the expansion or retraction of the forest in relation to the grasslands. Frequent fires can cause gradual substitution of the forest by the grasslands, while less frequent fires can allow the opposite. Kellman and Meave (1997) pointed out that when the fire penetrates the forest it causes different disturbances, such as the destruction of the litter and the death of the seedlings. Therefore, fires are possibly an important and recurrent disturbance on the edges, resuming periodically successional processes of the forest community.
The structure of the vegetation is one of the main determinants of the extent and magnitude of the edge effects on forest fragments. In recent edges, an increase on the density of individuals is expected in the first years after the disturbance, due mainly to the increase of solar radiation incidence (Murcia 1995) . These greater densities of individuals in the edges have been observed in many studies with anthropogenic edges (Brothers and Spingarn 1992; Camargo and Kapos 1995; Kapos et al. 1993; Lovejoy et al. 1986; Palik and Murphy 1990; Williams-Linera 1990; Young and Mitchell 1994) . Some of these studies have also shown that density and basal area increase with the age of the edge (Camargo and Kapos 1995; Williams-Linera 1990) . In forest edges, whether they are natural or anthropogenic, the vegetation surrounding the fragment usually presents minor structural and biomass complexity, which results in an abrupt transition between the vegetation of the fragment and its surroundings, causing important alterations on the environmental conditions. According to Didham and Lawton (1999) , the dense vegetation formed on the edges after the fragmentation works as a buffer, lessening the abiotic changes inside the forest caused by the edge effects. These authors, studying closed edges (dominated by Cecropia sp., that buffers forest fragments) and open edges (dominated by Vismia sp., that do not do that) in Central Amazon, found that in the open edges, the variations on microclimate and the structure of vegetation were two to five times larger than in closed edges. Also in Central Amazon Lovejoy et al. (1986) observed that, after five years of forest clearing, a dense strip of vegetation from 10 to 25 m wide was formed in the edge, acting as a windbreaker, decreasing the quantity of light and increasing air moisture in comparison to the conditions immediately established after the time when the edge was created. Such dense edges seem to be a permanent feature since we also found high density of small individuals and relatively low basal area in the studied edges that are certainly much older in comparison to the ones produced by human-generated forest fragmentation. However, in the gallery forests, this pattern changes quickly in direction to the forest interior, where larger trees become more important.
Floristic patterns
The green wall formed in the studied gallery forests' edges and the resulting sharp environmental gradient seems to allow groups of different ecological demands to share this narrow forest strip. We found species with very distinct tolerances and demands. On one side, typical species of continuous forests, generally tolerant to shade and intolerant to fire. On the other side, species that demand high light availability and are tolerant to fire, some of them typical of savannas. As discussed by Meave and Kellman (1994) , the presence of this light demanding and fire tolerant group of species in the immediate limit with the grassland buffers the edge effects and reduces fire penetration, allowing less fire-tolerant species close the immediate edge which otherwise would be more abundant in the forest interior. However, as we expected, more than 86% of the species and nearly 93% of individuals in the samples (considering pioneers and climax light demanding) were light dependent in some part of their development. In the gallery forests, the light penetrates the forest both through the canopy, as well as by the sides (van den Berg and Santos 2003) . MacDougall and Kellman (1992) , evaluating gallery forest light regime in Belize, also found that light penetration through the edge (limit between the forest and the savanna) seems to be the factor with stronger effect on the spatial light distribution in the understory, having the topography and the presence of gaps less important effects. These authors stated that the elevated light levels rarely exceed the first 7 to 12 m from the immediate edge, and that these values are comparable to the light penetration through the vegetation on the edges of large gaps, but lower than the values found for recent tropical forest edges. Obviously, these values can vary from one forest to the other, as they are conditioned by the characteristics of each site, for example, the topography and sun incidence angle. However, this light penetration through the edge is certainly very important for the community structure and composition of gallery forests, as it favors the establishment of a group of species that would not be able to normally establish in other habitats, except for the gaps. In this manner, our results agree with those of van den Berg and Oliveira-Filho (1999) showing the predominance of light demanding species with possibly short life cycles, that would reflect on faster dynamics of community found by Guimarães et al. (2008) in edges of another the gallery forest in Southeastern Brazil.
This same pattern was detected in anthropogenic edges by Laurance et al. (2006) , that monitored, in a period of 20 years, the density of 52 secondary trees species in continuous forests and fragments in Amazon. They detected that 13-17 years after fragmentation, those species triple their numbers in edges and that no plateau was reached during the period of study, suggesting that the density of plants in the edges must increase with time. The dominance of pioneer species in old and natural edges of gallery forest indicates that the pattern found for recent edges probably persists along the time.
However, the low floristic similarities among the sites revealed both by NMDS and by the beta diversity data reveals a high turnover of species among the sites. This beta component comprises the largest part of diversity of the gallery forest edges, indicating that each site has its own species composition in the edges. The nearly constant structure of the edges of gallery forest, dominated by highly dense presence of small individuals forming the so called green wall, has a highly variable composition, possibly indicating that the species within the same functional groups are replacing each other across the sites. The practical consequences of this pattern is that conservation strategies should focus on several areas or regions to achieve maximum diversity, but also, that when looking for restoration of edges of gallery forests, a wider range of species could be used in an interchangeable way.
Variation partitioning
The variation partitioning pointed out that the floristic variation of edge communities among sites is more affected by environmental conditions, like soil components and elevation, than spatial variables. The purely spatial and mixed component (spatial + environmental) explained less than half of the variance explained by the purely environmental plus the environmental spatially structured component. This indicates that the observed clustering of plots according to their respective sites is probably more related to the similar environmental conditions than to spatial proximity, albeit within each site the plots are very close to each other. Under such spatial proximity we expected that processes essentially linked to space, such as dispersion and intra and interspecific interactions must affect strongly community composition and species distribution (Baldeck et al. 2013; Dray et al. 2012) . However, environment conditions on the edges and their role on local selection of species seem to have a stronger function than those biological restrains, maybe showing that stress tolerance and adaptation to local environment conditions are more important than species interactions in these edges.
Nevertheless, a large part of the floristic variation remained unexplained by our model, suggesting that, although we evaluated a wide range of soil variables, other unevaluated factors (i.e. different fire histories, anthropogenic impacts, etc.) or stochastic processes are possibly very important for the distribution of species in the edges. This last aspect points out to the unpredictability of the species composition on gallery forest edges. It also shows that approaching the edge using functional groups is possibly a good strategy, since the implicit and innate similarity of species within the group in terms of strategies could accommodate the large variation of species composition without losing ecological meaning.
Concluding remarks
According to van den Berg and Oliveira-Filho (1999) , there are three possible explanations for the predominance of small individuals on the edges of gallery forests. The first would be that the forest is advancing over the surrounding grasslands. In this case, the individuals found on the edge areas would be young and small. Other possible explanation would be that the edges are an ecotonal zone between the forest and grassland. In this case, the individuals found there would be under constant stress (e.g. fire and winds), inhibiting diameter and height growth. A third explanation would be that the edge presents a specific species composition, typically more demanding of light and with short life cycles and, because of that, with smaller sizes. Those explanations would not be mutually exclusive but rather complementary.
The floristic composition found in the edges of the present study seems to confirm the third explanation of van den Berg and Oliveira-Filho (1999) for predominance of small trees in the edges, where colonizer species, with short life cycles, high light demand and fire tolerant, prevail. However, we also found support for their second hypothesis, because the low and mostly homogenous biomass found in the edges points out to a community where biomass growth is limited by a lack of resources or stressing conditions. Their first hypothesis of young community moving upwards over the grassland composed by small and young trees could not be evaluated using our data based in a single inventory. Multiple inventories would be necessary to approach this idea.
Whatever, we showed that the predominance of lightdemanding species is kept even in old edges, although the established green wall allows these old edges to retain a rather diverse community that comprises species with miscellaneous ecological requirements, even including shade-tolerant ones. We also showed that environment factors are more important than spatial ones on the distribution of the diversity. Besides that, we also found that although the species composition seems to change strongly from one site to the other, the forest vertical and horizontal structure and the functional groups relative proportions are rather constant, the last outcome indicating a reciprocal substitution of equivalent species among the sites.
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